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INTRODUCTION 

R e s i n i t e  i n  c o a l s  i s  a t t r i b u t e d  t o  p l a n t  r e s i n s  and e s s e n t i a l  o i l s  
i n  l e a v e s  which a r e  c o n v e r t e d  d u r i n g  c o a l i f i c a t i o n  t o  s p h e r i c a l  o r  o v a l  
s h a p e d  b o d i e s  and  o c c a s i o n a l l y  l e n s e s  o r  t h i n  bands of f l u o r e s c i n g  
m a t e r i a l  ( 1 ) .  C h e m i c a l l y ,  t h e  r e s i n s  c o n s i s t  o f  t e r p e n o i d  s t r u c t u r e s  
( 2 ) .  R e s i n i t e  i s  o f t e n  found i n  T e r t i a r y  brown c o a l s  and is  even found 
i n  C a r b o n i f e r o u s  b i t u m i n o u s  c o a l s  ( 1 ) .  R e f l e c t a n c e ,  r e f r a c t i v e  i n d e x ,  
f l u o r e s c e n c e  wave leng th  and o t h e r  o p t i c a l  p r o p e r t i e s  vary w i t h  o r i g i n  
o f  t h e  r e s i n s  a n d  t h e  d e g r e e  o f  m a t u r a t i o n .  The  o b s e r v a t i o n  o f  
r e s i n i t e s  i n  c e l l  f i l l i n g s  i n d i c a t e s  t h a t  a t  some p o i n t  i n  t h e  c o a l i f i -  
c a t i o n  p r o c e s s ,  t h e  r e s i n i t e  i s  r e l a t i v e l y  f l u i d .  I n  t h e  L o w e r  
C r e t a c e o u s  p e r i o d ,  c o n i f e r s  were a s o u r c e  of  resins f o r  i n c o r p o r a t i o n  
i n t o  c o a l .  I n  t h e  Upper  C r e t a c e o u s  p e r i o d ,  a n g i o s p e r m s  which  a r e  
r i c h e r  i n  waxes began t o  a p p e a r  and  c o a l s  o f  t h i s  p e r i o d  would c o n t a i n  
r e l a t i v e l y  more w a x  and l e s s  r e s i n i t e .  

I n  a s t u d y  of t h e  s w e l l i n g  o f  c o a l  m a c e r a l s  i n  o r g a n i c  s o l v e n t s ,  a 
r e s i n i t e  m a c e r a l  f r a c t i o n  was  s e p a r a t e d  f r o m  H i a w a t h a ,  U tah  c o a l .  
H i a w a t h a  c o a l  i s  f rom t h e  Wzsatch P l a t e a u  f i e l d ,  and d a t e s  from t h e  
C r e t a c e o u s  p e r i o d .  C o a l s  of t h e  Wasatch P l a t e a u  a r e  r e l a t i v e l y  r i c h  i n  
r e s i n i t e .  As p a r t  o f  t h e  s t u d y  of  m a c e r a l  s w e l l i n g ,  t h e  p r o p e r t i e s  o f  
t h e  r e s i n i t e  f r a c t i o n  were measured .  

E X P E R I M E N T A L  

Macera l  f r a c t i o n s  were  p r e p a r e d  by d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  
a c c o r d i n g  t o  t h e  m e t h o d  o f  D y r k a c z  a n d  H o r w i t z  (3). The  c o a l  was 
ground i n  a b a l l  m i l l  and t h e n  i n  a f l u i d  ene rgy  m i l l  u n t i l  t h e  s i z e  
was reduced  t o  l e s s  t h a n  1 0  mic rons .  The sample  was d e m i n e r a l i z e d  w i t h  
H C 1  and  HF and  i n t r o d u c e d  i n t o  t h e  d e n s i t y  g r a d i e n t  p r e p a r e d  from 
aqueous  C s C 1 .  A f t e r  c e n t r i f u g a t i o n ,  t h e  g r a d i e n t  was d i s p l a c e d  by a 
h e a v y  f l u i d  a n d  f r a c t i o n s  o f  d i f f e r e n t  d e n s i t y  were c o l l e c t e d  i n  a 
f r a c t i o n  c o l l e c t o r .  A s a m p l e  o b t a i n e d  by c o m m e r c i a l  f l o t a t i o n  o f  
l a r g e r  r e s i n i t e  p a r t i c l e s  was a l s o  used  i n  th is  s t u d y .  

S o l u b i l i t i e s  w e r e  m e a s u r e d  i n  o r g a n i c  s o l v e n t s  i n  S o x h l e t  
e x t r a c t o r s  a t  t h e  b o i l i n g  p o i n t  of  t h e  s o l v e n t .  S w e l l i n g  o f  t h e  whole 
c o a l  s amples  was measured by t h e  method o f  Green  e t  a l .  (4). Coal  was 
c e n t r i f u g e d ,  s o l v e n t  added and a l l o w e d  t o  come t o  e q u i l i b r i u m  and t h e  
sample  w a s  a g a i n  c e n t r i f u g e d .  The i n c r e a s e  i n  t h e  h e i g h t  o f  t h e  column 
of c o a l  was used  a s  a measure  of s w e l l i n g .  

RESULTS A N D  DISCUSSION 

P r o p e r t i e s  o f  Hiawatha  c o a l  and t h e  r e s i n i t e  f r a c t i o n  s e p a r a t e d  
from Hiawatha c o a l  a r e  l i s t e d  i n  t a b l e  1 .  The c o a l  is a h i g h  v o l a t i l e  
b i tuminous  B c o a l .  R e s i n  p a r t i c l e s  a r e  v i s i b l e  i n  t h e  raw c o a l  l u m p s .  
P e t r o g r a p h i c  a n a l y s i s  i n d i c a t e s  t h a t  r e s i n i t e  compr i se s  11 p e r c e n t  o f  
t h e  c o a l .  The  d e n s i t y  d i s t r i b u t i o n  of  t h e  Hiawatha  c o a l  i s  shown i n  
f i g u r e  1 .  The r e s i n i t e  f r a c t i o n  does  n o t  show a s  a d i s t i n c t  p e a k ,  
a l t h o u g h  t h e  m a t e r i a l  w i t h  a d e n s i t y  l e s s  t h a t  1 .10  g/cm3 r e p r e s e n t s  
a b o u t  11% of t h e  t o t a l  s ample  and has  t h e  a p p e a r a n c e  and p r o p e r t i e s  of  
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r e s i n i t e .  The d e n s i t y  d i s t r i b u t i o n  o f  a r e s i n i t e  s ample  o b t a i n e d  by 
f l o t a t i o n  i s  a l s o  shown i n  f i g u r e  1 .  The sample  shows a narrow d e n s i t y  
d i s t r i b u t i o n  of 1 . 0 1  t o  1 . 0 5  g / c d  and a n  a v e r a g e  d e n s i t y  o f  a b o u t  1 . 0 4  
g / c d .  T h i s  d i f f e r s  s i g n i f i c a n t l y  from t h e  v i t r i n i t e  d e n s i t y  o f  a b o u t  
1 . 2 8  g / c d  f o r  Hiawatha c o a l  and e x i n i t e  d e n s i t i e s  o f  1 . 1 6  g/cm3 f o r  
b i t u m i n i t e  and 1.19 g/cm3 f o r  s p o r i n i t e  measured i n  o t h e r  c o a l s .  

Hiawatha c o a l  shows t h e  t y p i c a l .  swel l . ing b e h a v i o r  o f  b i t u m i n o u s  
c o a l s .  Maximum s w e l l i n g  was o b s e r v e d  i n  p y r i d i n e  and a b imoda l  c u r v e  
was o b t a i n e d  when s w e l l i n g  was p l o t t e d  v e r s u s  s o l u b i l i t y  p a r a m e t e r  
The second  maximum i n  TllF a t  a s o l u b i l i t y  p a r a m e t e r  o f  a b o u t  1 9  MPal/> 
is a t t r i b u t e d  t o  s o l v a t i o n  o f  t h e  macromolecu la r  s t r u c t u r e  of t h e  c o a l  
w i t h  an i n c r e a s e  i n  hydrodynamic volume w h i l e  t h e  s w e l l i n g  i n  p y r i d i n e  
is a s s o c i a t e d  w i t h  c l e a v a g e  o f  hydrogen bonds which s e r v e  a s  c r o s s l i n k s  
a n d  l i m i t  c o a l  s w e l l i n g  ( 5 ) .  T h e  r e s i n i t e  f r a c t i o n  s h o w s  a h i g h  
s o l u b i l i t y  i n  s o l v e n t s  w i t h  s o l u b i l i t y  p a r a m e t e r s  i n  t h e  r a n g e  15 t o  20 
?IPa1I2. The s o l u b i l i t y  is shown i f  f i g u r e  2 .  S o l u b i l i t y  is h i g h  i n  
non-po la r  and m o d e r a t e l y  p o l a r  s o l v e n t s ,  b u t  is v e r y  low i n  p y r i d i n e  o r  
m e t h a n o l .  A l t h o u g h  t h e  r e s i n i t e  c o m p r i s e s  1 1 %  o f  t h e  w h o l e  c o a l  
s ample ,  s o l u b i l i t y  of t h e  c o a l  i n  t h e  non-po la r  s o l v e n t s  is  l e s s  t h a n  
1 1 % .  

M u r c h i s o n  ( 6 )  s t u d i e d  a g r o u p  o f  hand-p icked  r e s i n i t e  s amples .  
Samples  f rom b i t u m i n o u s  c o a l s  showed  c a r b o n  c o n t e n t s  o f  t h e  r a n g e  
o b s e r v e d  f o r  t h e  H i a w a t h a  r e s i n i t e ,  b u t  h y d r o g e n  c o n t e n t s  w e r e  
s i g n i f i c a n t l y  l e s s ,  7-92 c o m p a r e d  t o  1 2 4 .  T h e  h y d r o g e n  t o  c a r b o n  
r a t i o s  were 1 .04  t o  1 .35  compared t o  1 .72  f o r  t h e  Hiawatha r e s i n i t e .  
Oxygen c o n t e n t s  w e r e  a b o u t  d o u b l e  t h a t  o b s e r v e d  i n  t h e  H i a w a t h a  
r e s i n i t e .  I n f r a r e d  s p e c t r a  o f  t h e  r e s i n i t e  f r a c t i o n  shows s t r o n g  
a b s o r p t i o n  due t o  a l i p h a t i c  C - H  s p e c i e s  i n  t h e  r a n g e  2800-3000 cm-l.  
S h a r p  bands a r e  obse rved  a t  1370 and 1450 cm-l ,  a t t r i b u t e d  t o  a l i p h a t i c  
s t r u c t u r e s .  Only s l i g h t  a b s o r p t i o n  is o b s e r v e d  from t h e  0-H g roup  a t  
3 3 0 0  cm- l .  A b r o a d  a b s o r p t i o n  o c c u r s  a t  1600 cm-l and more i n t e n s e  
a b s o r p t i o n  a t  1700 - 1750 cm-l.  Broad a b s o r p t i o n  a l s o  o c c u r s  a t  1000- 
1200 cm-l.  The s p e c t r a  is  i n  ag reemen t  w i t h  t h e  h i g h  hydrogen  c o n t e n t  
which i n d i c a t e s  an  a l i p h a t i c  s t r u c t u r e .  

T h e r m a l  g r a v i m e t r i c  a n a l y s i s  shows w e i g h t  l o s s  s t a r t i n g  a t  275C 
and a maximum r a t e  of  w e i g h t  l o s s  a t  440C. The w e i g h t  l o s s  t o  7000C 
was 8 6 8 ,  l e s s  t h a n  t h e  o b s e r v e d  v o l a t i l e  m a t t e r  c o n t e n t .  P y r o l y s i s  o f  
t h e  w h o l e  c o a l  s a m p l e s  shows l o s s  of  t h e  f l u o r e s c i n g  r e s i n i t e  a f t e r  
h e a t i n g  t o  t h e  r a n g e  400 t o  450C i n  n i t r o g e n  ( 7 ) .  H e a t i n g  i n  hydrogen 
d e c r e a s e s  t h e  t e m p e r a t u r e  a t  w h i c h  t h e  r e s i n i t e  f l u o r e s c e n c e  
d i s a p p e a r s .  

CONCLUSIONS 

R e l a t i v e l y  p u r e  r e s i n i t e  f r a c t i o n s  c a n  b e  r e c o v e r e d  f r o m  c o a l  
u s i n g  t h e  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  t e c h n i q u e .  The  r e s i n i t e  
s e p a r a t e d  from Hiawa tha ,  Utah c o a l  i s  h i g h l y  a l i p h a t i c .  The c h e m i c a l  
s t r u c t u r e  of t h i s  r e s i n i t e  a p p e a r s  t o  be d i f f e r e n t  f rom t h o s e  o f  amber 
and r e s i n i t e s  f rom b i t u m i n o u s  c o a l s  and l i g n i t e s  s e p a r a t e d  and  s t u d i e d  
by Murchison ( 6 ) ,  a l t h o u g h  some o f  t h e  d i f f e r e n c e s  may be a t t r i b u t e d  t o  
p u r i t y  o f  t h e  samples .  The u n i q u e  p r o p e r t i e s  o f  t h e  r e s i n i t e  a c c o u n t  
f o r  i t s  u s e  a s  a chemica l .  
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T a b l e  1.  P r o p e r t i e s  o f  H iawa tha  Coal  
and R e s i n i t e  Mace ra l  F r a c t i o n  

f i iawatha C o a l  R e s i n i  t e  F r a c t i o n  

Carbon,  maf % 
Hydrogen, maf 2 
N i t r o g e n ,  maf I 
S u l f u r ,  maf X 
Oxygen, % ( d i f f e r e n c e )  
H / C ,  a t o m i c  r a t i o  
M o i s t u r e ,  I 
Ash ,  I 
V o l a t i l e  M a t t e r ,  % 
H e a t i n g  V a l u e ,  B t u / l b  
V i t r i n i t e  R e f l e c t a n c e ,  'x 
P e t r o g r a p h i c  A n a l y s i s  

V i t r i n i t e ,  Z 
S e m i f u s i n i t e ,  % 
F u s i n i t e ,  I 
M a c r i n i t e ,  I 
S p o r i n i t e ,  % 
R e s i n i t e ,  % 
C u t i n i t e ,  % 

77.6 
6 . 4  
1 . 4  
1.2 

13.4 
0.99 
1.6 

19.4 
36.5 

13,917 
0.48 

75.7 
4 .O 
0.7 
6.2 
0.6 

11 .o 
1 .8 

83.7 
12.0 
0 .4  

3 .9 
1.72 
0.3 
0.5 

93.9 
18,095 
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